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(54) Alumina-Zirconia-Titania Type Grinding Material 
Detailed Description of the Invention 

1. Name of the Invention 
Alumina-Zirconia-Titania Type Grinding Material 

2. Scope of the Claims of the Invention 

(1) Alumina-zirconia-titanium type grinding material that is a 
material obtained as zirconia and titania are added to alumina 
and melted, and then rapidly cooled, where then as another 
melting additive material yttrium oxide or rare earth type 
mineral ore material containing yttrium oxide are included. 

(2) Alumina-zirconia-titanium type grinding material according to 
Claim 1 of the claims of the present invention where the added 
amount of yttrium oxide is in the range from 0.05 weight % to 
7 weight %, relative to the total amount of the alumina, 
zirconia, and titania. 

(3) Alumina-zirconia-titanium type grinding material according to 
Claim 1 of the claims of the present invention where the added 
amount of the yttrium oxide containing rare earth type ore 
material is in the range from 0.05 weight % to 7 weight %, 
relative to the total amount of the alumina, zirconia, and titania. 

3. Detailed Explanation of the Invention 

This invention is an invention about the improvement of the grinding 
(polishing) performance of alumina-zirconia-titania type grinding material. 
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Usually, the alumina-zirconia-type polishing particles are polishing particles 
that have been quickly expanded in their use as "snacking" of the steel type 
materials like specialty or stainless steel materials. Namely, compared to the 
alumina type polishing particles, they have excellent wear resistance and 
together with that breakage resistance etc., polishing properties, and the fact 
that under high pressure conditions, they demonstrate superior polishing 
strength, is the main factor. According to the invention reported in the 
description of the Japanese Patent Report Number Showa 48-35594, that has 
been invented previously by the authors of the present invention, an 
alumina-zirconia-titania material has been obtained that has a polishing 
performance that is even further increased and more superior than that. 

Namely, it is a material where zirconia is added to alumina and together with 
that then titanium oxide is added in an amount that is in the range of 5 ~ 30 
weight % relative to this zirconia amount, and then melted, and because of 
the fact that it is then quickly cooled, the phenomenon of the phase 
transformation back to the original zirconia is suppressed, and because of 
that the high temperature type tetragonal system crystalline phase remains 
present in an amount in the range of 25 - 30 % at normal temperatures, and 
due to that, it contributes to the increase in the wear resistance properties, 
breakage resistance properties, etc., polishing properties performance. 

However, recently, there is a trend where the polishing methods have also 
constantly been changing, and the application of fine materials in the so- 
called heavy grinding field, and especially among those, the significant 
development of the technology of the change to the light grinding field 
within the heavy grinding, and also the use of the polishing materials for 
polishing relative to titanium alloys, has increased. A grinding material that 
is appropriate for this field is currently required, however, in this case, the 
required grinding performance is a performance that is higher than that of 
the above described alumina-zirconia-titania type grinding material, and 
especially, it is a material that cannot be a severe type of material, and the 
current status is that a grinding material with satisfactory grinding properties 
has not yet been obtained. 

Namely, in order to be appropriate for the above-described application, it is 
necessary to suggest a grinding material where however it is stated it has a 
relatively high amount of zirconia, for example, a grinding material that is 
formed from a alumina-zirconia co-crystalline material of the type where the 
amount of zirconia is 40 %. However, in this case, even though it is an 
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a umma-zircoma-titania material obtained through the above-described 
.tenia addrtion, the ratio of the remaining existing high temperature type 
tettagonal crystal [is extremely low, and the result from the addition is poor 

whl t f Ve bKn ? e Pr ° blemS * at * e ini,ial alphtAlIoT 
whose crystal s.ze m the m,xed crystalline material is a maximum of 20 

microns, ,s separated at a level of 1 0 ~ 15 %, and because of that^e 

predetermmed co-crystalline mixed material could not be obtained. 

■ 2SJ£ 8031 °i the P resent mention 'o suggest an alumina-zirconia- 

^IT 8 f, T - al Where in ° rder * at to materi ^ >* good for 
apphcation especially relative to heavy grinding, and especially to the 1 aht 

grinding, and then also, relative to titanium alloys, the remaining present 

amount of the tetragonal crystalline material is extraordinarily tacreased and 

mon^T separation of the ori ^ ^IZZpL 

A1203 ,s reduced, and because of that the grinding performance is 
significantly mcreased. And the characteristics of this material are the fact 
Z£ B a ! , . a '. Umina - z,rc ° nia - tita n^ ^ grinding material, where then as 
another additive matenal yttrium oxide or yttrium oxide containing rare 

2^'' ' S COma ' ned ' 3nd h iS then Ca,led « alumina-rife onia- 
titama-yttna type grinding material. 

Namely, as the additive materials, besides titania, yttrium oxide or yttrium 
oxide contaimng rare earth ore material are then added and mixed, and 
melted, and quickly cooled and by that, a grinding material is obtained that 
achieves well and satisfies the above described goal. And especially it s a 
material where the added amount of the yttrium oxide or yttrium oxide 

wei^/ 8 T . T mate . riaI iS Wid,in * 6 range wteB il e *eeeds »-5 
weight % and is up to 7 weight % relative to the total amount of the alumina 
ztfconia, and ftama, and where the zirconia tetragonal crystalline mateTaMs 

crysta separated at a remaming ratio that is in the range of 70- 100% And 
no, on y that but also, within the same range, the ratio of the separation of 

weigh, % ^Pha-A1203 can be suppressed to a level below 5 

Moreover, even in the case when the added amount is higher than 7 weight 
% or below 0.05 weight %, the proportion of the remaining zirconia 
tetragonal crystal material shows a vale that is relatively high compared to 
ft : previous technology, and also, the ratio of the separated initial alpha- 

whe?e me' addT ? " ' S T f*^ SUPpreSSed However ' in * e ease 
where the added amount exceeds 7 we.ght %, this leads to the separation of 
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a cubic crystalline phase, which is not preferable from the point of view of 
the grinding performance. And in the case when the added amount s less 
than 0.05 weight %, significant results are not obtained and because of that 
the range where the added amount is higher than 0.05 weight % and it is up 
to 7 weight %, is most appropriate, and especially, it is most appropriate that 
the added amount is within the range of 1 ~ 5 weight %. 

Moreover, even, relative to a grinding material that contains an alumina- 
zirconia co-crystalline material with a relatively small amount of zirconia, 
for example, 25 %, the same way as in the case of the above-described 
grinding material that is formed from an alumina-zirconia co-crystallized 
material that contains a relatively large amount of zirconia, the ratio of the 
remaining tetragonal crystalline phase zirconia is extremely high, and 
because of that, the volume change, which occurs at the zirconia transition 
point is small, and also, the remaining present tetragonal crystalline type 
zirconia maintains sufficiently its inner part energy, and it has been 
concluded that there is a trend of improvement of the properties, like good 
breakage resistance properties, etc. 

After that, the practical implementation examples according to the present 
invention will be explained. 

Moreover, as the yttrium oxide or yttrium oxide containing rare earth ore 
material, that are used in the practical implementation examples according to 
the present invention, the materials with the analyses values shown 
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Headings in the table: 

J- yttrium oxide (we'wht°/\ o 

oxide (weight %). 8 ° X 2 - ^ Carth ore serial containing yttrium 



Table 2: 




Headings in Table 2: 

1. Material number 2 Y?m Q ^ ^ 

' ^ Y2 ° 3 added amount (weight %). 

Practical Example 1 

l;;f % A J203), 32.6 kg 

zirconia (96 % 7rrn\° n method alumina 
/o Ti02) which corresponds to 2 5 in weifhtv ? 8 ° f Utanium oxid * (95 
mixed and combined, and then vt L ^ l relatlVe to the ^onia, were 
an amount of 0.05, 0 1, 0.5 1 iTsZZ ^V % Y203 ) ™* «UedT 
amount of the above described thr^' t! % relative t0 *e total 

-elted using an electrica o Ven a^ vTol 3nd was hen 
qmckly solidified, and melt cast material, ^ ^ after that ' * was 

at6nalS Were obtai ned for each addition 
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Moreover, for the sake of a comparison, a melt cast material where the 
addition amount of the yttrium oxide was 0 weight %, was also cast. 

The values obtained from the analysis of this cast materials, are shown 
according to the presented in table 2. 

After that, the obtained cast material was repeatedly crushed by using an 
impeller breaker and a crusher, and particle sizes of # 24, and # 60, as 
determined according to the procedures of the JISR-6001, were withdrawn 
and' obtained. 

The ratio of the zirconia crystalline phases of the particle material group # 
24, determined by X-Ray Diffraction analysis, is shown according to the 
presented in Table 3. 

Table 3: 
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Headings in table 3: 

1. Experimental Material number, 2. tetragonal Zr02 (%), 3. monoclinal 
crystal phase Zr02 (%), 4. cubic crystal phase Zr02 (%). 

As it is clear from the results of the X-Ray Diffraction Analysis, if yttrium 
oxide is added, compared to the alumina-zirconia-titania type grinding 
particles according to the previous technology where there is no such 
addition (Experimental material number 1), it is concluded that there is a 
trend of a significant increase of the tetragonal crystalline phase amount. 
And especially, it was confirmed that by the addition of an additive amount 
in the range of 1 ~ 5 weight %, there was a 100 % tetragonal crystal phase 
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. . ^™e„L materia]^ 

yttrium oxide was 0 5 weiht •TTpl ^ added araount of *e 

24 particle size, ^ ** «* * 

results that are shown according hJ „ observation microscope, the 
Figure 2 (A), (B), wTre S el wf^ ^nS T ' ^ ^ «« 

represents £ e" Sta* ^ , 2 < A * ( B >- 

its model diagram cro P not °graph of the Experimental material 3, and 

™Sn^ 

As it is clear from Figure 1 and Fimirp ? 

the added amoun" 05 weth, V * ' T"' fa * e ° aSe when 
level of 10 «/„, and because o7thf^ t ^ Parated al P ha " A12 03 was at a 

previous ^i-^C^^Tf,^ T 
almost negligible. * uu 1:5 /o, this trend was 
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Moreover, the polishing test was conducted as the size of the belt used was 
100 x 2500 m/m, and as the material subject to the polishing SUS-304 was 
used, and the belt speed was set at 150 m/minute, and the pressure was at 5 
kg, and a 10 minute polishing was conducted. Table 4 is a table that shows 
the comparison of the cumulative mass polished amounts that were obtained 
by this polishing. 

Also, the number in the parentheses shows the comparative value when the 
case of the material obtained according to the previous technology 
(Experimental material 1) is set as 100. 

Table 4: 
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Headings in the table: 

1 . Experimental material number, 2. cumulative mass polished amount 
(g). 

Also, the curve line (a) in Figure 3 represents a graph where the cumulative 
mass polished amounts presented in Table 4, have been plotted. 

As it is clear from the above described Table 4 and Figure 3, it has been 
confirmed that in the case of the co-crystalline grinding particles where 
yttrium oxide has been added, an extremely excellent polishing strength has 
been demonstrated compared to the material according to the previous 
technology where yttrium oxide has not been added. 

In this connection, these results are results that correspond to the ratios of 
the zirconia tetragonal crystalline lattice crystal material, and in the case of 
the material where the addition amount was 0.05 weight %, there was no 
significant difference with the material according to the previous 
technology; and also, in the case when the added amount exceeded 10 
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crystalline phase material. acc ompanymg separation of cubic 

*at Otis test results rep ^nly a col^f' ^ WhCT * is 'ordered 
mmute polishing has been comp eted ?^ ' ime When a 10 

■ - a Wh '. ch du ™8 *e use in pJte^gZ*? a material «• obtained 
-htevtng extremely excellent P^XS^T^" 1 Md <° 

Practical Example 2 

99.6 % A1203), 32.6 kg zircolX % 7 method alu ™"a 

% Ti02) which correspon"/ S °J ^ ° f titanil ™ °xide (95 
mixed and combined, and men, thre^ Zfoft ' ^ ZirConia - were 
earth mmeral ore (the materials w7h anT^T™ ^ COntainin 8 ™» 
presented in Table 1) was added in.„ 68 shown ^cording to the 

to me total amount of 2 abot describTdTh"' "l'' 5 % ^ 

titanii * «* *is materia. J^^^. rfnMtferi ^*«^ 
95 V, 300 kV, and after that it then melted usmg an electrical oven 

number 1 is the same as that in me cas^ofthP theex P erim «al material 
material according ,0 the prelus techno^ Exam P ,e 1 » d " is a 

been added. P US techn °'°gy where yttrium oxide has not 

Table 5: 
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Headings in Table 5: 

1 . Experimental material Number, 2. Added amount of yttrium oxide 
containing rare earth mineral ore (weight %). 

♦Rare earth type other than Y203. 

After that, the obtained cast material was repeatedly crushed by using an 
impeller breaker and a crusher, and particle sizes of # 24, and # 60, as 
determined according to the procedures of the JISR-6001, were withdrawn 
and obtained. 

The ratio of the zirconia crystalline phases of the particle material group # 
24, determined by X-Ray Diffraction analysis, is shown according to the 
presented in Table 6. 

Table 6: 
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Headings in table 6: 

1 . Experimental Material number, 2. tetragonal Zr02 (%), 3. monoclinal 
crystal phase Zr02 (%), 4. cubic crystal phase Zr02 (%). 

As it is clear from the results of the X-Ray Diffraction Analysis, if yttrium 
oxide containing rare earth mineral ore is added, the same way as in the case 
of the addition of yttrium oxide, compared to the alumina-zirconia-titania 
type grinding particles according to the previous technology where there is 
no such addition (Experimental material number 1), it is concluded that there 
is a trend of a significant increase of the tetragonal crystalline phase amount. 
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separation. 1 UU /o tetra gonal crystal phase crystal 
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presented in Table 7 ™** ^ that test « shown according to the 

Table 7: 
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Headings in the table- 

As it is clear from the above desrrih^ t u. „ 
confirmed that in the case of £ *" ? F | gUre 3 > il «*» 
yttnum oxide eontaining rare earS S f "f" 8 particles where 
way as in the case described i me T ^ ^ ^ * e ««» 

was added, an extremely excellent S Xample 1 where J*™" oxide 
or t e obtained co-crystalline grinding pSr gthhaSbeend — rated 

Practical Example 3 
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-coma, were mixed and combined ^ Tften ZJSS 1 ^ ' 0 

" men, yttrium oxide was added in an 
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amount of 0.5 weight % relative to the total amount of the above described 
three types of materials. And for this material, the results from the analyses 
of the cast material, the ratio of the zirconia crystalline lattice types 
according to the X-Ray Diffraction for the particle size # 24, and the 
cumulative mass polished amount for the particle size # 60, were measured. 

These results are correspondingly shown according to the presented in Table 
8, Table 9 and Table 10. 

Moreover, for the sake of a comparison, the values in the case when there 
was no addition of yttrium oxide regarding the material where 2.5 weight % 
of titanium oxide was added, and the materials with the corresponding 
titania addition amounts, are also reported. 

Also, in each case the testing methods are the same as those reported 
according to the Practical Example 1 and the Practical Example 2. 
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Headings in table 8: 

1. Experimental material number, 2. Ti02 added amount (%), 3. Y2)3 
added amount (%). 
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Headings in Table 9: 

1. Experimental Materia] number ? 

crystal phase 2r02 W ' Zr02 W> 3. monoclinal 

Table 10: 
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Headings in Table 10: 

1 -Experimental material number -> i • 

num °er, 2. cumulative mass nnUch^ 

cmdSS polished amount (g) 

* ^^^^^ - Urease of 

S£° 1 '"I rCmaining " tergonTcrvtini 18 " ^ ° f inCrease of ^ 
that, also, by the addition of the yttrium n ^ phase Zr02 > h ™ever to 
was observed. yttnum 0xid *> a significant increase trend 

Practical Example 4 
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50 kg and together with to 24 5 S of R % , 3nd 32 % - Native to 
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correspondingly as weight percent 0 2 5 5 n J? °/ 2 ' rCOnia ( 96 % 
ftantum oxide (95 % Ti02) were added ^nd * ' 2 °' 3 ° 40 % <* 
compounding calculations were In f "* materials w here 
grinding particles beca™ " , . M so *e zirconia in the 

method alumina (99.6 % AI20 ^6^ '° 50 kg ° f Ba ^ 
correspondingly as weight percent 05 ,'n tg °f 21rc ° nia 0>« % Zr02), 
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added ,„ an amount of 0.5 weight IZ^TV™*' Was correspondingly 
described three types of ntateS were t0 ^J 0 **' ™ °* above 
arc heat using an electrical overand?ft.T SP ° ndingl >' *■ "elted by an 
*ese materials were then made in* by lZ ^ S ° ,idifed » d 

particles by following the usual grinding 
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particle manufacturing methods, and they were made into JIS #12 grinding 
particles. 

These materials, namely, relative to the types without the yttrium oxide 
addition, which contain 25 % zirconia and 32 % zirconia, and the type where 
yttrium oxides has been added and which contains 25 % zirconia, the break 
resistance measurement test was conducted. For the break resistance 
measurement test the single particle break strength was used. In this method, 
the experimental material is granulized to a particle size in the range of 1680 
~ 2000 microns, and by the shrinkage method it is made into a small 
experimental material, and from within that sample, randomly, 100 units are 
taken out, and these are measured for their pressure resistance strength one 
by one, by using a 2 ton amsura compressing equipment. The average value 
of these measurements was used as the value for the single particle break 
pressure strength. 

The single particle break pressure strength of these grinding particles is 
shown according to the presented in Table 1 1 and the relationship between 
the single particle break pressure strength and the Ti02/Zr02 ratio, is 
presented in Figure 4. 

Table 11: 
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Headings in Table 11: 

1. Experimental material number, 2. type, 3. type without addition of 
Y203, and 25 % Zr02, 4. type without addition of Y203 and with 32 
% Zr02, 5. type with the addition of Y203 and with 25 % Zr02. 
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As it is clear from the presented in Figure 4, in the case of any of these tvnes 

r^Zt-tvXltlTZ* 02 ' expressed 38 ^ * * 

becomes 40 V tT ^ * \ maximum *■><", and when the 
ratio Decomes 40 /., there is a decrease. And especially in the c„«. „f 
matenal where yttrium oxide has been added it was S t ? 
that the type of material where the «noJ5£%£^JT^' 
material which demonstrates an especially excelled eTres sta e 
performance compared that in the case when 32 % of zirconia haTbeen 

As described here above, in the case of the present invention it i, an 
invention about an alumina-zirconia-titania type gSS^l 
formed as to alumina, zirconia and titania JldL^^tX^ 
quickly cooled, and then, as another melt additive material vttrinm „tiH 
yttrium oxide containing rare earth mineral ore 2 » •," 
becomes a material where the maximum remaining^* Agonal ' 

Consequently, it is a material that can be used appropriately in heaw 
gnnding also, and especially, in its Ught grinding'fieW, and a "o ^ it can 
be appropnately used relative to titanium alloys 

Also, even though it is an alumina-zirconia type grinding material that 
contains a relatively small amount of zirconia^compared Tmt materills 

sirengtn etc., properties are further improved. 
4. Brief Explanation of the Figures 

typTdkia^ of !he e r Sen ? e enl ! rged micr °P hot ogra P h and the model 
type diagram of the obtained according to the previous technology alumina 
zirconia co-crystalline mixed material, which has no added yS oxiT 
(Experimental material number 1). y de 
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Figure 2 (A), (B), represent the enlarged microphotograph and the model 
type diagram of the obtained according to one practical example of the 
present invention alumina-zirconia co-crystalline mixed material, which has 
added yttrium oxide (Experimental material number 3). 

Figure 3 is a diagram showing the relationship between the added amount of 
yttrium oxide etc., which is found in the grinding material with added 
yttrium oxide and added yttrium oxide containing rare earth mineral ore, 
according to the same practical example and another practical example, and 
the cumulative mass polished amount. 

Figure 4 is a diagram showing the relationship between the added amount of 
the titanium oxide found in the grinding material with relatively low zirconia 
amount and the single particle pressure break strength. 
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Figure 1: (A) and (B) 
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Figure 2: (A) and (B) 
& 3 m 




Figure 3: 
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Figure 4: 

On the vertical axis - single particle pressure break strength (kg) 
On the horizontal axis - Ti02/Zr02 (%) 



1 . Zr02 - 25 % (no Y203 added) 

2. Zr02 - 25% 

3. Zr02-32% 
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